SUPPLEMENTARY DATA LEED patterns and line profile analysis
In order to investigate possible alloying-induced structural modifications and lattice strain effects, we acquired the LEED patterns of both clean Ru(0001) and of the PtRu surface alloy (Supplementary Fig. S2 ).
The LEED images show that the lattice constant of Ru (0001) is not appreciably modified by the introduction of Pt atoms in the first layer. In fact, our analysis of the LEED patterns of clean Ru(0001) and of the PtRu surface alloy -acquired at the same electron kinetic energy and under the same experimental conditions-shows that the first-order diffraction spots of the substrate are found in the same positions. A similar comparison was carried out between the LEED data of graphene on clean Ru(0001) and on the PtRu surface alloy.
As already mentioned, the moiré cell of GR/Ru (0001) exhibits a periodicity of (13 × 13) unit cells of graphene over (12 × 12) cells of the substrate, and the same periodicity is retrieved also for GR/PtRu (up to a Pt concentration of 0.5 ML), as proven by the line profile analysis of our LEED data ( Supplementary Fig. S2 (bottom) ). The fact that in both cases the LEED spots of the overlayer are aligned with the direction between the (0, 0) and the first-order spots of the substrate rules out a possible rotation of the moiré lattice relative to the substrate. In addition, the absence of an appreciable broadening of the diffraction spots, which keep an approximately constant full width at half maximum, allows us to safely exclude the proliferation of anti-phase domain boundaries, which would reflect a reduced extension of the graphene domains.
Second-layer graphene growth
Since graphene growth is known to be a self-limiting process, the formation of additional layers does not proceed through hydrocarbon decomposition, but, once the first layer is completed, through C surface segregation from the C-saturated bulk. In our experiments, we applied the procedure described by Cui et al.
[1] to grown a second graphene layer.
The LEEM images collected during the experiments show that both graphene growth and removal proceed in a layer-by-layer mode, following a bottom-up mechanism. Starting from a graphene-covered substrate, we exposed the sample to C 2 H 4 (p(C 2 H 4 )= 5 × 10 −7 mbar) at T=1300 K for ∼ 15 minutes, until an exposure of ∼ 300 L was reached. We subsequently cooled the sample from 1300 down to 1050 K in about 10 minutes (at a cooling rate of approximately 20 K·min −1 ), and we finally kept the sample in C 2 H 4 atmosphere at 1050 K for another 30 minutes. The high resolution C 1s core level spectrum acquired at the end of the experiment shows the presence of an additional component (at approximately 300 meV lower BE than W), which is clearly absent in the spectrum of monolayer GR, and which we interpret as due to a bi-or multilayer C structure ( Supplementary Fig. S3 (a) ).
The formation of bilayer graphene was also observed on the PtRu surface alloy. In the presence of Pt, in fact, the same procedure used to grow monolayer GR on Ru (0001) eV. This fine structure at energies below 10 eV is typically observed in the reflectivity curve of multilayer thin film systems.
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